Objectives: Previous research has shown that nutrition can influence cognitive abilities in older adults. We examined whether nutritional factors or inflammatory biomarkers moderate the age-cognition association. Method: Analyses included 1,308 participants (age ≥60) from the National Health and Nutrition Examination Survey III. Macronutrients (% of calories from fat, protein, and carbohydrates), micronutrients/amino acids (blood serum values: Vitamins B12 , C, D, E, folate, iron, homocysteine, and β-carotene), and inflammatory biomarkers (serum C-reactive protein, plasma fibrinogen, and serum ferritin) were examined as moderators with cognition. Cognition was measured by six tasks: immediate and delayed story recall, immediate and delayed word memory, digit subtraction, and questions about place/ orientation. Results: Higher values of serum folate were significantly associated with better cognitive scores. Specifically, the interaction between age-cognition and folate indicated the associations of higher age and lower global cognition and lower immediate story recall were weaker in those with higher folate values (p's < .05). A significant interaction between age and plasma fibrinogen indicated that the association between age and worse digit subtraction was stronger with values >3.1 g/L. Discussion: Folate and fibrinogen were significant moderators between age and cognition. Further research into the relationship between nutrition, inflammation, and cognitive aging is needed.
, but this represents a very specific set of foods and may not generalize to a more general diet.
Although, some studies have reported exposure to specific nutrients individually or in combination as modifiers of cognitive function in adults (Balion et al., 2012; Beydoun et al., 2014; Riggs, Spiro, Tucker, & Rush, 1996) others have not observed this association (Forbes, Holroyd-Leduc, Poulin, & Hogan, 2015) . For example, a meta-analysis on B-vitamins reported no beneficial effect on cognition with intake of folic acid, vitamin B6, and vitamin B12 (Clarke et al., 2014) . On the other hand, studies have found that higher levels of vitamins B, C, D, E, folate, and ω-3 fatty acids have been related to better cognitive functioning in older adults (Bowman et al., 2012; Gu et al., 2010) . What is not known is if nutrition measured in a nationally representative sample would confirm or clarify these findings.
Another important factor related to cognitive decline and nutrition in older adults is the role of vascular health and inflammation. Inflammatory biomarkers such as C-reactive protein (CRP), fibrinogen, and ferritin have been associated with cardiometabolic health and accelerated cognitive decline (Marioni et al., 2009; Noble et al., 2010; Palta et al., 2015; Rosano, Marsland, & Gianaros, 2012; Schram et al., 2007) . What remains to be elucidated is how nutrition or inflammation moderates the relationship between age and cognition.
The purpose of this study is to examine if nutrition (macronutrients, micronutrients, and amino acids) or inflammatory biomarkers (CRP, fibrinogen, and ferritin) moderates the relationship between age and cognition. Specifically, we assessed whether nutrition or inflammation attenuates or exacerbates the well-established negative relationship between age and cognition. We aim to use a new approach of modeling moderation to identify regions of significance for particular nutrients/inflammatory biomarkers as they relate to the age-cognition relationship. This knowledge will add an important information to better understand the ranges of nutrients/ inflammatory factors related to cognitive functioning in older adults in hopes that clinical studies can better target interventions for preserving or maintaining cognitive abilities with age. Based on previous studies, we hypothesize that vitamins B, C, D, E, and folate would attenuate the age-cognition relationship, while higher values of inflammatory biomarkers would exacerbate the age-cognition relationship.
Methods

Study Design and Setting
In this study, we used secondary data from the National Health and Nutrition Examination Survey from 1988 to 1994 (NHANES III). NHANES is a cross-sectional, nationally representative study of health and nutrition in the United States. To produce reliable statistics, NHANES over-samples persons 60 and older, African Americans, and Hispanics (Centers for Disease Control, 1997) .
Participants
For this analysis, inclusion criteria were: 60 years and older, complete and valid dietary information, blood serm samples, demographic information, and complete cognitive test scores. Final sample size was 1,308 older adults. A flow chart for inclusion criteria and the sample size is shown in Supplementary Figure 1 .
Cognitive Measures
Cognitive functioning was measured in adults 60 years and older. NHANES III included six cognitive tasks which can be categorized into three cognitive domains and a global cognitive score. Higher scores represented better performance.
Verbal memory
Participants completed an immediate word recall task adapted from the Mini Mental Status Exam (MMSE) (Folstein, Folstein, & McHugh, 1975) . Participants were told the names of three objects, and asked to repeat and remember the three words. Correct scores ranged from 0 to 3. Participants also completed an immediate story recall in which the interviewer read a story to the participants from the East Boston Memory task (Gfeller & Horn, 1996) . Participants were then asked to repeat the story to the interviewer who recorded if six key details were presented correctly in their recall (range 0-6). After a short delay and continuation of other cognitive tasks, participants were asked to recall the three objects. Correct recall of each item was recorded and scored (range 0-3). Participants were also asked to recall the story heard previously. Accurate recall of the six key details was recorded and scored (range 0-6).
Working memory
Participants completed a serial subtraction task from the Wechsler Adult Intelligence scale (Wechsler, 1997) . Participants were told the following scenario: "If you have $20 and you take away $3, how many dollars do you have left? Keep subtracting $3 from the answer until I tell you to stop." Responses were recorded for 5 trials (correct response range 0-5).
Orientation
Six questions from the MMSE related to time and place were combined to form the orientation domain. Questions included were: (a) what is today's date? (b) what is the day of the week? (c) what is your complete address (d) city/ town, (e) state, and (f) zip code. Correct responses to the questions were totaled and ranged from 0 to 6.
Global cognition
The number of correct responses from all six cognitive tasks were converted into z-scores and totaled to produce a global cognition score.
Macronutrient Values: Dietary Data
Macronutrients (grams of fat, carbohydrates, and protein) were collected from an in-person 24-hour dietary recall with a multipass format and standardized probes. Responses from the 24-hour dietary recall were then imputed and calculated using the United States Department of Agriculture food composition databases (USDA, 2004) . Fat intake was expressed as % of calories from dietary fat and was examined by three types: grams of total saturated fatty acids, grams of total monounsaturated fatty acid (MUFA), and grams of total polyunsaturated fatty acid (PUFA). Protein was examined as % of calories from protein, grams of animal protein, and grams of vegetable protein. Carbohydrates were expressed as % of calories from carbohydrates.
Micronutrient/Amino Acid Values and Inflammatory Markers: Blood Serum/Plasma
Micronutrient and amino acid values were examined through blood assays for select nutrients and biomarkers. Approximately six tablespoons of blood were drawn via venipuncture on individuals and the selection of blood micronutrients for this study were based upon previous research (Bowman et al., 2012; Gu et al., 2010) . Micronutrients/amino acids of interest include: serum vitamin B12 (pmol/L), serum vitamin C (mmol/L), serum vitamin D (nmol/L), serum vitamin E (μmol/L), serum folate (nmol/L), serum iron (μmol /L), and serum homocysteine (μmol/L), and serum β-carotene (μmol/L). Biomarkers of inflammation available within the dataset include: serum C-reactive protein (CRP) (mg/dL), plasma fibrinogen (g/L), and serum ferritin (μg /L).
Demographic Variables
Information on age, sex, race, education, income, body mass index, and current health status was collected from self-reported questionnaires. Age was coded as a continuous variable, sex was categorical, and race was categorized as white (Caucasian or Non-Hispanic white), or Black/ other (African American, Hispanic, or other). Education was categorized as having less than a college education or graduating college and above. Income was categorized as earning ≤ $19,999 or earning ≥ $20,000. Body mass index (BMI) was calculated as weight (kg)/height (m 2 ) and classified according to standard categories: underweight (BMI < 18.5), normal weight (BMI 18.5-24.9), overweight , and obese (BMI > 30). Self-reported health status was categorical; excellent, very good, good, fair, or poor. Smoking status was coded as "Do you smoke cigarettes now?" Yes/No. Diabetes, hypertension, and high cholesterol were assessed by the question "Have you ever been told by a doctor that you have…?" Yes/No. Alcohol intake was determined from the question "In the past 12 months did you have at least 12 drinks of any kind of alcoholic beverage?" Yes/No. Physical activity was assessed from the question "In the past month, how often do you walk a mile without stopping?" If answered once or more, then coded as physically activity.
Statistical Analyses
All statistical analyses were conducted using SAS 9.4 (SAS Institute, Cary, NC). Two-tailed p-values were set at .05, unless otherwise noted. Nutrient and biomarker variables were assessed for assumptions of normality, independence, multicollinearity, and homoscedasticity. Inflammatory markers were right skewed and kurtotic and were log transformed for all analyses. Nutrient analyses were repeated with transformed and untransformed nutrient values and the results between the measures were comparable. For ease of interpretation, we report the untransformed nutrient variables in the results. Comparisons were examined using Pearson correlations followed by multiple linear regression to identify relationships between demographic factors, nutrition, inflammation, and cognitive performance.
To test moderation, the PROCESS analytic tool developed by Hayes (2013) was utilized. Age was centered at the mean in order to interpret the regression coefficients and interaction with nutrients/inflammatory markers. To probe for an interaction and identify where a moderator is significantly related to the outcome, the Johnson-Neyman technique was applied (Johnson & Fay, 1950 ). An advantage to using the Johnson-Neyman approach is the ability to generate regions of significance, where the moderator significantly relates to the outcome (Miller, Stromeyer, & Schwieterman, 2013) . This can be beneficial particularly for variables that may have a dose-dependent relationship and allow for multiple significance/non-significance regions to be identified. However, when the moderator is significant for the entire region, an alternative simple slopes approach can be used to describe the relationship at the mean and +/− 1 standard deviation above and below the mean (Cohen, 2002) .
Results
Sample Characteristics
A total of 1,308 adults 60 years and older were included in the study. Participants had an average age of 70.76 years, 53% were females, 64 % white, 74% had less than a college education, and 68% of the sample was overweight or obese (defined as a BMI greater than 25), 14% were current smokers, 13% had diabetes, 47% had hypertension, and 34% had high blood cholesterol, 33% were current alcohol drinkers, 41% were physically active, and 70% had excellent, good, or very good self-rated health. Average calorie intake was 1,755.07 kcal/day, a mean intake of 32% of calories from fat, 52% of calories from carbohydrates, and 15% of calories from protein.
Average cognitive scores were: Immediate word recall, (mean= 2.97, standard deviation (SD) = 0.18, range = 0-3), delayed word recall (mean = 2.66, SD = 0.60, range = 0-3), immediate story recall (mean = 4.18, SD = 1.04, range = 0-6), delayed story recall (mean = 4.08, SD = 1.24, range = 0-6) orientation (mean = 5.67, SD = 0.64, range = 0-6), and digit subtraction (mean= 4.48, SD = 1.11, range = 0-5).
Correlations Between Demographic Characteristics, Cognition, Nutrition, and Inflammation
Correlations were calculated between the demographic variables and the cognitive, macronutrient, and micronutrient/amino acid variables. Older age was significantly related to worse cognitive performance on all tasks (see Supplementary Table 1 ). In addition, females performed significantly worse on the digit subtraction task. White ethnicity, higher income, more years of education, being physically activity, and a higher self-rated health were related to better cognitive performance. Nutritionally, increasing age was correlated with lower calorie intake, lower saturated fat, lower protein, and higher carbohydrate intake (Supplementary Table 2 ). Females consumed fewer total calories including fat and protein but more calories from carbohydrates. Increasing age was also related to higher vitamin C, E, folate, β-carotene, and homocysteine values (Supplementary Table 3 ). Females had higher values of vitamin B12 , C, E, and folate, but lower values of vitamin D, iron, and homocysteine. Income, education, smoking, and better self-rated health were related to higher micronutrient values and lower homocysteine. Elevated inflammatory factors were significantly related to higher BMI, smoking, diabetes, hypertension, and poorer self-rated health (Supplementary Table 4 ).
Regression Analyses of Nutrients and Inflammation Examining Cognitive Performance
Multiple linear regression analyses were performed to examine the nutrients and inflammatory biomarkers as predictors of cognitive performance on each cognitive measure. Age, sex, education, BMI, and total calorie intake were controlled for in all analyses. The results are shown in Table 1 . Higher values of dietary polyunsaturated fat were significantly related to better global cognition (Std. β = 0.080, 95% CI: 0.003, 0.050) and delayed story recall (Std. β = 0.074, 95% CI: 0.001, 0.020). Higher protein intake was related to worse digit subtraction performance (Std. β = −0.064, 95% CI: −0.029, −0.003). Higher serum vitamin C and D were significantly related to better global cognition, orientation, and digit subtraction (Std. β ~ 0.070, 95% CI range: 0.001, 0.014). Higher folate was associated with better global cognition, verbal recall, and digit subtraction performance (Std. β range from 0.056 to 0.083, 95% CI: 0.001, 0.023). Higher plasma fibrinogen was significantly related to global cognition (Std. β = −0.055, 95% CI: −0.146, −0.046) worse digit subtraction (Std. β = −0.055, 95% CI: −0.562, −0.036). The other inflammatory biomarkers were not significant. After adjustment for additional covariates (income, ethnicity, self-rated health) and vascular covariates (physical activity, alcohol intake, smoking, diabetes, hypertension, and high cholesterol) the relationships between polyunsaturated fatty acid, total protein, and cognition remained significant, while all other nutrients did not demonstrate this association. (Supplementary Table 5 ).
Moderation by Folate
Building from the regression models, a product of age by each significant nutrient was entered into the moderation models. The only micronutrient that was statistically significant in a moderation model was folate. Folate moderated the association between age and global cognition (Est. = −0.001, p = .049, 95% CI: −0.003, −0.0002), and between age and immediate story recall (Est. = −0.0005, p = .026, 95% CI: −0.001, −0.0001). Using the JohnsonNeyman technique to detect the region of significance, we observed that the entire region was significant, but the magnitude of the relationship varied. The simple slopes approach was then utilized and three levels of folate, low (1 SD below mean), average (mean), and high (1 SD above mean) are presented in Figure 1 and 2. Age was mean centered at 70.76 years. Higher folate values were significantly related to better global cognition (Figure 1) , and higher folate was related to better immediate story recall (Figure 2 ). Folate moderated these relationships, demonstrating a greater benefit for those who were younger with higher folate values. More specifically, 63 year olds with higher folate performed 0.3 points higher on immediate story recall compared to low folate. In models adjusting for additional demographics (ethnicity, income, self-rated health) and vascular health, the relationship with global cognition was not significant, (p = .226) nor was immediate story recall (p = .086).
Moderation by Fibrinogen
When examined as an interaction with age, plasma fibrinogen was a significant moderator for the association between age and digit subtraction, with the negative association between age and digit subtraction increasing with higher fibrinogen values. Figure 3 illustrates the Johnson-Neyman region of significance. When fibrinogen values were above 3.1 g/L, there was an increasingly stronger association between older age and worse digit subtraction (Est. = −0.006, p = .003, 95% CI: −0.009, −0.002). After controlling for additional covariates and vascular health, the relationship remained significant (Est. = −0.006, p = .001, 95% CI: −0.010, −0.002).
Discussion
The goal of this paper was to examine whether the wellestablished negative age-cognition relationship in older adults may be modified by nutrition or inflammation. We found that higher values of folate (vitamin B9) moderated the association between age and global cognition, and between age and immediate story recall. Results found better cognitive functioning in younger participants (<63 years old) and those with highest folate values. Folate was identified as a significant moderator meaning that the negative age-cognition association was weakened among those with higher folate values. Our hypothesis that vitamins B, C, D, E, and folate would attenuate the age-cognition relationship, and that inflammation would exacerbate the relationship was only partially supported through the significant effect of folate and fibrinogen, which was surprising. This may be explained by an underlying vascular mechanism driving the relationship between higher values of folate and better global cognition and higher values of fibrinogen and worse executive functioning. For example, a population based study from the Rotterdam Scan Study, found that higher plasma folate concentration (>17.3 nmol/L) was associated with better global cognitive function and better performance on tests of psychomotor speed (de Lau, Refsum, Smith, Johnston, & Breteler, 2007) . They found that vascular mechanisms, specifically white matter lesions in the brain, mediated this relationship suggesting that higher folate is associated with fewer white matter lesions and better cognitive functioning. Results from our study regarding folate values and cognition are consistent with previous studies (Kado et al, 2005; Ramos et al., 2005) , however in our study after adjusting for vascular health factors (physical activity, smoking, diabetes, hypertension, and high cholesterol), the benefits of higher folate and better cognitive functioning were not significant. This may mean that vascular factors may be important contributors to the relationship between folate and cognition, and future studies should continue to examine the mediating pathways related to nutrition, cognition, and vascular risk factors.
An important note about our sample is that these results represent folate values prior to mandated folate fortification by the USDA in 1998. The USDA currently fortifies enriched cereal grain products with folic acid at values of 140 μg/100 g and the typical dietary supplements dose is 400 μg. Studies have compared blood folate values pre and post fortification finding that the mean serum folate concentration increased more than two-fold (136%), from 11.4 nmol/L to 26.9 nmol/L after fortification (Dietrich, Brown, & Block, 2005) . Additionally, although the use of Figure 1 . Moderation of the association between age and global cognition by folate. All values were significant p < .05 and were covaried for age, sex, education, body mass index, and total calorie intake. 95% Confidence Interval (95% CI: −0.003 to −0.0002). β = standardized beta. Figure 2 . Moderation of the association between age and immediate story recall by folate. All values were significant p-value < .05 and were covaried for age, sex, education, body mass index, and total calorie intake. 95% Confidence Interval (95% CI: −0.001 to −0.0001). β = standardized beta. enriched and fortified products can cross socioeconomic lines, vitamin and mineral supplement use is more prevalent among people with higher education levels, higher incomes and even better diets (Popkin, Siega-Riz, & Haines, 1996) . Based on this information, although data are limited to overall population serum folate concentrations, it is clear that fortification may have an impact on serum folate levels in the elderly and post-fortification values could play an important role in the cognitive health of older adults in the future. Future studies should evaluate folate as it pertains to cognitive health because it may be a modifiable nutrient that plays a key role in cognitive function abilities in older adults.
In moderation analyses examining inflammatory biomarkers, fibrinogen was identified as a significant moderator with digit subtraction performance, a measure of executive function and working memory. The JohnsonNeyman region of significance was found above 3.1 g/L indicating poorer digit subtraction performance.
Plasma fibrinogen is a positive acute phase reactant glycoprotein involved in blood coagulation, platelet aggregation, and hemostasis (Kamath & Lip, 2003) . High fibrinogen values have been demonstrated to be a risk factor for thrombosis, cardiovascular disease, and non-vascular mortality (Danesh et al., 2005; Lowe, Rumley, & Mackie, 2004; Verhaar, Stroes, & Rabelink, 2002) , but the relationship to cognitive function has not been thoroughly studied.
Our upper threshold of 3.1 g/L may indicate hyperfibrigenaemia which can be an important contributor to poorer cognitive performance. Xu and colleagues (2008) investigated hyperfibrigenaemia (classified as plasma fibrinogen > 3.0 g/L) and found it to be a risk factor for dementia and mild cognitive impairment. Additional studies examining cognitive domains have also identified fibrinogen as a risk factor for cognitive decline, specifically, negative associations with verbal fluency and non-verbal reasoning (Raven's Matrices) (Marioni et al., 2009; Rafnsson et al., 2007) . Our results extend the current literature by identifying a critical region for fibrinogen values as an indicator of worse cognitive performance in older adults although more research is needed to understand the underlying vascular and inflammatory pathway connected to cognitive function.
This study has several strengths including the detailed dietary information and blood values from a nationally representative sample of over 1,000 older adults, as well as a diversity of cognitive performance instruments. Using blood serum/plasma values to measure micronutrients/amino acids is a strength of this study because it can be a more reliable indicator of long term nutrient status (Bowman et al., 2011) . Examining both macronutrients and micronutrients is a strength of the study because it views diet as a comprehensive collection of nutrients. Findings from our study are supported by research and make new contributions including the moderating effects of folate and fibrinogen on the relationship between age and cognitive functioning, which can have implications to the general older adult population.
However, limitations should be noted. First, this was a cross-sectional study with one dietary assessment and one baseline cognitive assessment. Cross-sectional designs cannot address issues of reverse causation, meaning does poor diet cause changes in cognition or does poor cognition relate to poor dietary choices. Longitudinal designs are better suited for examining trends and dietary intake patterns over time. Second, the study sample performed very well on all cognitive measures reducing the amount of variance for individual cognitive tasks. Third, the results were not corrected for multiple comparisons. While this may increase the risk of Type 1 error (falsely significant results), it also reduces bias toward Type 2 error (falsely non-significant results), which may be of a particular concern in this exploratory study (Bender & Lange, 2001) . Fourth, among inflammatory markers, only CRP, fibrinogen, and ferritin were available. These markers may not be representative of all inflammatory pathways. Other markers such as interlukin-1 (IL-1), interlukin-6 (IL-6), tumor necrosis factor -alpha (TNF-α) are more specific to cytokine production and the inflammatory response cascade with more evidence linked to mental abilities in older adults. The current dataset did not include these variables. Additionally, previous studies have shown that ω-3 fatty acid and trans-fats may influence cognitive abilities in older adults (Bowman et al., 2012; Morris et al., 2004 ) but these measures were also not available in the dataset. Lastly, the use of a 24-hour dietary recall may not be sufficient to make comparison about general dietary habits and may be susceptible to inaccurate recall bias or underreporting of nutritional intake. However, the level of cognitive functioning was high in our sample which we presume would not have altered the recall results, and the method has been validated to estimate nutrient intake (Ahluwalia, Dwyer, Terry, Moshfegh & Johnson, 2016) . Only macronutrient status was derived from the 24-hour recall, and no significant relationships were found.
Although, this study found significant relationships between nutrition, inflammation, and cognitive performance, other lifestyle and environmental factors can also play a role in cognitive functioning. Items such as access to food, quality of diet, supplement intake, mental health, and stress levels could have also influenced cognitive performance. Trying to tease apart lifestyle factors can be challenging and diet may be just one piece of the puzzle to a very complex problem. For example, in fully adjusted models controlling for demographic information, lifestyle (physical activity, income) and vascular health factors, our results were further weakened meaning that they may contribute or partially explain the associations with cognition. These factors, specifically vascular mechanisms, should be explored in more detail as they relate to cognition and nutrition.
As presented, studies examining nutrition and inflammatory biomarkers are often described as risk factors for poor health outcomes, but limited research has described the connection to age and cognition. Findings from this national, retrospective study add to the literature on the importance of nutrition to cognitive function in older adults and provide new evidence suggesting critical regions of folate and fibrinogen to cognitive performance. Identifying regions of significance and values for specific nutrients/ biomarkers may provide new knowledge for researchers to develop recommendations for preserving cognitive abilities with age. More research is needed to identify the neurobiological mechanisms involved in nutrition, inflammation, and specific cognitive domains in order to understand the dynamic relationship and long-term impact on cognitive functioning.
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